Aims/hypothesis. Hyperhomocysteinaemia increases cardiovascular risk in Type II (non-insulin-dependent) diabetes mellitus by augmenting oxidative stress and reducing nitric oxide availability. In vitro, nitric oxide decreases homocysteine by its conversion to the vasodilative and antioxidant compound S-nitrosohomocysteine. We investigated whether or not changes in nitric oxide availability decrease homocysteine concentrations in vivo. Methods. The study group consisted of 20 normotensive, normolipidaemic, non-atherosclerotic Type II diabetic patients in good metabolic control (16 men, 51.2±1.4 years) and 15 healthy subjects (12 men, 48.1±1.5 years). Circulating concentrations of homocysteine, nitrite+nitrate and sulphydryl groups, a marker of oxidative stress, were assessed at baseline and then 5′, 10′, 30′ and 60′ after the intravenous infusion of either L-arginine (3 g in 10 ml saline), the nitric oxide precursor, or vehicle according to a doubleblind cross-over randomized protocol.
ate increases in plasma homocysteine concentrations can derive from inherited genetic defects that alter enzyme activities in the above transsulphuration and remethilation pathways [1] , nutritional deficiencies of cobalamin, folate or piridoxine [1, 2] and reduced renal homocysteine excretion [3] .
An increase in plasma total homocysteine concentrations has been described in subjects at increased cardiovascular risk, i.e. old people, smokers, men and women in the post-menopausal age [1, 2, 3, 4] . Accordingly, hyperhomocysteinaemia has also been reported in essential hypertension [5] , renal failure [3] , hyperlipidaemia [6] , Type I (insulin-dependent) and Type II (noninsulin-dependent) diabetes mellitus [1, 7] .
Homocysteine is a highly reactive thiol-containing amino acid derived from the conversion of methionine to cysteine [1] . In the presence of folate-, cobalamin-, and piridoxin-related compounds, newly-generated homocysteine is either transsulphurated to cysteine or remethilated to methionine. Therefore, mild to modertes Outpatients Clinic since their first diagnosis of diabetes and were seen for scheduled controls during the year 2000. In all patients, Type II diabetes was diagnosed according to the criteria of the American Diabetes Association [22] . Exclusion criteria were: Type I diabetes as well as any diabetes other than Type II diabetes [22] , hypertension (sitting blood pressure levels ≥140/90 mmHg), serum cholesterol and triglyceride concentrations greater than or equal to 5.2 mmol/l and 1.7 mmol/l, respectively, proliferative retinopathy, personal history of coronary or cerebrovascular diseases, abnormalities at the resting 12-lead electrocardiogram, claudicatio intermittens, severe peripheral neuropathy, cigarette smoking, alcohol consumption of more than 10 g a day, positive microalbuminuria (as evaluated from three consecutive morning urine spots), ultrasound evidence of atherosclerotic lesions of the neck and limb vessels including a carotid intima-media thickness of 1.1 mm or more, concomitant diseases, treatment with any kind of drug including vitamins, antihypertentive, lipid-lowering or antiplatelet agents, etc. All patients were in good metabolic control achieved by their diet and glibenclamide treatments.
l-arginine infusion. After informed consent, each patient was interviewed by the experienced dieticians who designed their individual diet at the time of their first diagnosis of Type II diabetes and filled a nutritional diary. Then, the individual diet was adjusted for each patient, without changing total calories or diet components, but excluding foods containing antioxidants and limiting nitrite and nitrate intake (≤180 µmol/day) [23] . Patient compliance with the assigned diet was ensured by consulting weekly the daily dietary diaries that all patients were asked to fill upon participating in the study. After 4 weeks on this diet, experiments were carried out in our Outpatient Clinic after an overnight fast. Briefly, at 8:00 hours an intravenous lockable device was located in the left arm to collect venous blood samples and administrate either L-arginine (Damor Pharmaceuticals, Naples, Italy) diluted in 10 ml isotonic saline, given at a dose of 3 g over a period of 60 s, or placebo (10 ml isotonic saline) with the patient recumbent in supine position and relaxed, according to a randomised, doubleblind, cross-over protocol. An automated blood pressure device (Omega 1400, Spacelab, Redmond, Wash., USA ) was applied to the contralateral arm to monitor systolic and diastolic blood pressure levels and heart rate at 5 min intervals. Then, after 30 min at rest without leaving the supine position, blood was collected for measuring fasting glucose, serum total cholesterol, high density lipoprotein cholesterol, triglycerides, glycated haemoglobin, and plasma insulin, sulphydryl group, total plasma homocysteine and nitrite+nitrate concentrations, i.e. a well-recognised marker of nitric oxide production in vivo [24] .
After basal blood samplings, either L-arginine or placebo were randomly infused. Then, blood samples were collected again after a period of 5, 10, 30 and 60 minutes from L-arginine or saline administration to determine serum glucose and plasma insulin, total homocysteine, sulphydryl group and nitrite+nitrate concentrations.
The double-blind, cross-over, randomised procedure assigned 11 patients to receive first the placebo and then the L-arginine administration and 9 patients in the reverse order. A one week interval occurred between the two infusions, during which the assigned diet was not discontinued. On both infusion days, the daily glibenclamide dose was not administrated.
Control group. The above protocol was also applied for studying 15 healthy volunteers (12 men and 3 women, mean age 48.1±1.5 years) recruited among the personnel of our Institu-M.C. Faldetta et al.: I-arginine infusion decreases plasma total homocysteine concentrations 1121
The clinical relevance of hyperhomocysteinaemia in Type II diabetes is due to its association with the atherosclerotic disease [1] . In turn, the atherogenetic process has been suggested to be promoted by hyperhomocysteinaemia because of its detrimental influences on platelet aggregability [1, 8] , coagulation cascade [9] , vascular smooth muscle cell replication [10] and endothelial function [1, 11, 12] . With regard to endothelial function, homocysteine has been shown to exert direct cytotoxic effects on vascular endothelial cells [1, 13] . In particular, homocysteine can reduce nitric oxide bioavailability by two main mechanisms. First, homocysteine can favour nitric oxide conversion to its pro-oxidant adduct peroxynitrite during homocysteine auto-oxidation [14] . Second, in the presence of homocysteine the vascular endothelial cell initially increases the production of nitric oxide with the consequent formation of S-nitrosohomocysteine [15] , a homocysteine adduct which preserves the bioactivity of nitric oxide with vasodilatory and antiplatelet effects [16, 17] . This effect of homocysteine is caused by changes in the oxidative status and inducible nitric oxide synthase expression and strongly limits homocysteine-mediated vascular endothelial damage [17] . However, prolonged exposure to high homocysteine concentrations progressively exhausts nitric oxide bioavailability and thereby impairs endothelium-dependent vasorelaxation [17, 18] . In turn, the same homocysteine-related decrement in nitric oxide bioavailability further reduces homocysteine conversion to S-nitrosohomocysteine and favours the development of endothelial damage, vasoconstriction and platelet aggregation.
An improved nitric oxide formation by the vascular endothelium is obviously expected to ameliorate homocysteine conversion to S-nitrosohomocysteine and to reduce oxidative stress. Accordingly, infusion of the nitric oxide precursor L-arginine has been reported to restore nitric oxide bioavailability and improve endothelium-dependent vasorelaxation [19] in Type II but not in Type I diabetic patients [20] . However, at present studies on the behaviour of plasma total homocysteine and oxidative status in diabetic patients infused with L-arginine are not available. To address this topic, we intravenously administrated L-arginine to uncomplicated Type II diabetic patients in good metabolic control and without additional risk factors. Thus, plasma nitrite+nitrate, total homocysteine and sulphydryl group concentrations, i.e. a well recognised marker of oxidative status in vivo [21] , were measured in the same patients.
Subjects and methods
Patients. The study protocol was approved by the local Ethics Committee. Type II diabetic patients (16 men and 4 women, mean age 51.2±1.4 years) were selected among consecutive Type II diabetic outpatients who were managed by our Diabe-tions. Selection criteria for the control subjects were as for Type II diabetic patients, but an impaired glucose metabolism [22] was considered as an additional exclusion criterion. The double-blind, cross-over, randomised procedure assigned seven subjects to receive firstly the placebo and then the L-arginine administration and eight subjects in the reverse order. One week interval occurred between the two infusions.
Both Type II diabetic patients and the control subjects gave their consent after the nature of the procedure was explained.
Infusion of l-arginine + octreotide. L-arginine can modestly increase insulin secretion [24, 25] . To avoid the bias of L-arginine-related changes in plasma insulin concentrations after the above infusion studies, Type II diabetic patients and control subjects were re-infused with L-arginine but after endogenous insulin secretion was suppressed. For this purpose, L-arginine was infused (again, 3 g diluted in 10 ml isotonic saline over a period of 60 s). After 30 min an intravenous administration of the somatostatin analogue octreotide (0.1 mg bolus followed by 0.2 mg for 90 min) was started. As in the previous studies, blood samplings for plasma total homocysteine, nitrite+nitrate and sulphydryl groups concentrations were made after 0, 5, 10, 30 and 60 min from the L-arginine infusion.
Biochemical measurements. Serum glucose, total cholesterol, high density lipoprotein cholesterol and triglycerides were assessed by enzymatic methods (Boehringer Mannheim, Mannheim, Germany). Low density lipoprotein cholesterol was calculated by the well-known Friedewald formula. Plasma insulin was assessed by radioimmunoassay (Biochem Immuno Systems, Italia).
Glycated haemoglobin assay was carried out by immunoturbidimetric assay based on the principle of inhibition of latex agglutination (DCA 2000, Bayer Diagnostics, Milan, Italy).
Plasma L-arginine concentrations were assessed using high performance liquid chromatography with fluorescence detection [26] .
Plasma sulphydryl groups were measured with a spectrophotometric according to a method described previously [27] .
Since homocysteine circulates in both the reduced and oxidized forms, homocysteine was evaluated as total homocysteine, i.e. oxidized + reduced according to widely accepted recommendations [1] . For this purpose, blood was collected in pre-chilled EDTA containing tubes and immediately centrifuged at 4°C, then separated and stored at -20°C until the assay. The well recognised method used was the fluorescence polarisation immunoassay by the IMX System (Abbott Diagnostics, Il., USA) [28] . To completely exclude the possible interference of L-arginine on plasma total homocysteine concentration assessment, plasma total hymocysteine assay was repeated in some randomised plasma samples (n=10) from either the patients or the control subjects after different amounts of L-arginine were added. The data showed that L-arginine addition did not interfere with plasma total homocysteine assay.
Nitric oxide was evaluated by the well recognised method based on the indirect measurements of the nitric oxide-based by-products nitrite and nitrate [24] for which blood samples were treated as for homocysteine. Then nitric oxide concentrations were evaluated with measurements of nitrite plus nitrate by colorimetric detection of nitrite after conversion of all the sample nitrate into nitrite (Assay Design, Ann Arbor, Mich., USA).
Statistical analysis. Data collection and storage were made by a common hardware system and the SPSS package (Chicago, Ill., USA). Comparisons within the groups were made by paired Student's t tests. To compare the responses to L-arginine the analysis of variance with appropriate adjustment for multiple comparisons was used. Relation between the dependent variables plasma nitrite+nitrate; total homocysteine and sulphydryl group concentrations and changes in plasma nitrite+nitrate, total homocysteine and sulphydryl concentrations; and the independent variables, age, sex, diabetes duration (for Type II diabetic patients only), total cholesterol, cholesterol subfractions, triglycerides, glycated haemoglobin, glucose and insulin was evaluated by univariate and then multivariate analysis. Unless otherwise stated, data are expressed as mean ± SE. Significances were given for p values of less than 0.05.
Results
Baseline data. There were no significant differences in age, sex distribution, blood pressure, heart rate, serum total cholesterol and cholesterol subfractions, triglyceride, insulin and L-arginine concentrations and urinary albumin excretion between the two groups ( Table 1) . As expected, fasting glucose concentrations and glycated haemoglobin concentrations were higher in Type II diabetic patients than in the control subjects. In addition, the diabetic patients had increased plasma total homocysteine concentrations and decreased plasma sulphydryl group concentrations compared with the control subjects. Plasma nitrite+nitrate concentrations were also lower in Type II diabetic patients than in the control subjects. There were no correlations between the dependent variables baseline plasma total homocysteine and sulphydryl group concentrations and the other variables used as independent ones. Infusion data. After L-arginine infusion endogenous plasma concentrations reached a maximum at 5 min and then rapidly declined in the Type II diabetic patients and the control subjects ( Table 2) . Plasma L-arginine concentrations were still higher than the baseline after 60 min (Table 2 ). Blood pressure changed with L-arginine infusion in both groups with a peak at 5 min. This effect was still significant (p<0.04 or less) after 10 min but it disappeared after 30 min. L-arginine infusion also induced changes (p<0.04 or less) in plasma insulin concentrations in the Type II diabetic patients and the control subjects (Table 2) . Increments in plasma insulin concentrations were transient, with a rapid return to baseline concentrations after 30 min from the L-arginine administration. In contrast to insulin concentrations and blood pressure, serum glucose concentrations very modestly decreased during L-arginine infusion in the Type II diabetic patients as well as in the control subjects ( Table 2) . As expected, placebo infusion did not induce changes in the above variables in both groups. L-arginine administration decreased the circulating concentration plasma total homocysteine in Type II diabetic patients and, to a lesser degree, in healthy subjects (Fig. 1) . Total plasma homocysteine concentrations were lower than at baseline after 10 and 30 min from the infusion and returned to pre-infusion values after 60 min. Statistical analysis did not show differences in plasma total homocysteine responses to L-arginine between the Type II diabetic patients and the control subjects. An inverse correlation between changes in plasma homocysteine and L-arginine concentrations was observed in the Type II diabetic patients (r=-0.446, p=0.049) and the control subjects (r=-0.568, p=0.027) at time 30 min.
L-arginine administration increased plasma nitrite+nitrate concentrations in both Type II diabetic patients and control subjects (Fig. 2) . The time course of the changes in plasma nitric oxide metabolite concentrations was mirrored in the pattern of changes in plasma L-arginine concentrations. In particular, nitrite+nitrate concentrations increased after 5 and 10 min, with a return to baseline after 30 min. Signifi- cant increments (p<0.0009 or less) in plasma sulphydryl group concentrations were observed after 30 min (Fig. 3) . Plasma sulphydryl groups returned to baseline after 60 min from the infusion. As with the total plasma homocysteine, statistical analysis failed to show differences in plasma sulphydryl groups and nitrite+nitrate responses to L-arginine between the Type II diabetic patients and the control subjects.
Statistical analysis showed no order effect dependent on whether L-arginine was infused before placebo and vice versa in the patient and control groups.
As expected, when diabetic patients and control subjects were re-infused with L-arginine after the secretion of endogenous insulin was suppressed by the somatostatin analogue octreotide, circulating insulin concentrations decreased (p<0.0001) within 30 min of octreotide infusion. Compared with L-arginine alone, L-arginine + ocreotide infusion induced identical changes in plasma total homocysteine, nitrite+ nitrate and sulphydryl groups responses (Figs. 1, 2  and 3 ).
Discussion
Our study shows that plasma total homocysteine concentrations increased, while plasma sulphydryl group and nitrite+nitrate concentrations decreased, in very carefully selected Type II diabetic patients in good metabolic control and without disturbances of the lipid metabolism, high blood pressure, and target organ damage. Our findings suggest that Type II diabetes in itself, i.e. regardless to the presence or the absence of chronic hyperglycaemia and macrovascular complications, induces endothelial dysfunction, being accompanied by (i) hyperhomocysteinaemia, (ii) impaired nitric oxide production, and (iii) increased oxidative stress. The most important outcome was that all of these abnormalities are L-arginine-inhibitable, at least in our experimental conditions.
The possible pro-atherogenic role of homocysteine has been extensively studied in diabetic and non-diabetic subjects [1] . In particular, plasma total homocysteine concentrations have been reported as correlated with blood pressure behaviour [29] , the presence of vascular damage [30] and the rate of urinary albumin [29, 30] . Similarly, increased plasma total homocysteine concentrations directly correlated with urinary albumin excretion have been recently described in uncomplicated Type II diabetic patients in good metabolic control [31] . Thus, the increased plasma total homocysteine concentration that we found in uncomplicated Type II diabetic patients in good metabolic control is not surprising. However, the lack of correlations between urinary albumin and plasma total homocysteine concentrations in our patients simply reflects the exclusion of Type II diabetic patients with early nephropathy from our study.
Type II diabetic patients also showed lower plasma nitrite+nitrate concentrations than the control subjects. These data agree with a number of studies showing an impaired endothelium-dependent vasorelaxation in different vascular districts of Type II diabetic patients [24] . In this context, decreased plasma concentrations of the second messenger of nitric oxide, i.e. cyclic guanosine monophosphate, have been recently described in Type II diabetic patients [32] . Nevertheless, in contrast with our data, nitrite+nitrate concentrations were not reduced in the same diabetic patients [32] . Discrepancies with our data are likely due to uncontrolled nitrite and nitrate intake with diet [23] in the previous quoted study [32] . As far as mechanisms leading to reduced nitric oxide availability in our diabetic patients, it is of interest that Type II diabetic patients show sulphydryl group concentrations than the control subjects. Thus, it is likely that homocysteineinduced oxidative stress [14] might lead to enhanced nitric oxide degradation by favouring its conversion to peroxynitrite [1, 14] . Moreover, excess homocysteine is known to affect nitric oxide availability also by impairing nitric oxide synthase pathway [33] and interacting with nitric oxide to form the vasodilative adduct S-nitrosohomocysteine and the consequent exhaustion of the endothelial cell capability to produce a relevant amount of nitric oxide [1, 15, 17] .
The principal outcome from our study is the reduction of plasma total homocysteine concentrations observed after L-arginine infusion in both Type II diabetic patients and control subjects. Interestingly, in both groups changes in plasma total homocysteine concentrations were inversely related to changes in L-arginine concentrations induced by L-arginine infusion. This finding shows that L-arginine infusion is able to reduce homocysteine concentrations in both Type II diabetic patients and healthy subjects. Plasma homocysteine has not been assessed in previous studies showing the positive effects of L-arginine on insulin-mediated [34] and endothelium-dependent vasorelaxation [24] as well as on plasma nitrite+ nitrate concentrations in diabetic patients [35] . Thus, L-arginine-mediated decrement in plasma homocysteine concentrations seems to represent a newly discovered, additional benefit which could derive from arginine supplementation in diabetic patients [24] .
In terms of mechanics, an increase (p<0.003 or less) in nitric oxide metabolite concentrations was observed after L-arginine infusion in Type II diabetic patients and by nearly equivalent degrees in the control subjects. These data are in substantial agreement with previous findings in Type II diabetic patients [24] as well as in healthy subjects [24] and suggest an improvement in nitric oxide availability. Accordingly changes in nitric oxide metabolite concentration and blood pressure simultaneously achieved the maximum peak between both groups. The time course of nitric oxide metabolite concentrations was mirrored in the pattern of changes in plasma total homocysteine concentrations. Thus, it is appealing to speculate that the L-arginine-related decrement in plasma homocysteine concentration observed in Type II diabetic patients and control subjects was due to an acute increment in nitric oxide availability. In this context it is interesting to observe that L-arginine infusion reduced oxidative stress, as suggested by the increment in plasma sulphydryl group concentrations, in Type II diabetic patients and control subjects. Thus, we could speculate that increased nitric oxide availability due to L-arginine infusion induces a decrement in homocysteine concentrations which in turn counteracts oxidative stress. On this basis, plasma-sulphydryl group-changes achieved the maximum peak after a plasma homocysteine decrement was achieved. Since the above findings were identical in Type II diabetic patients and healthy subjects it is evident that these effects are physiologic, i.e. independent of diabetes. However, our Type II diabetic patients were in good metabolic control and without ultrasound-detectable vascular lesions. Since hyperglycaemia markedly contributes to the progression of endothelial dysfunction and impairs inducible nitric oxide synthesis [24] as well as increase oxidative stress, we cannot transpose our findings to Type II diabetic patients in poor metabolic control.
Endogenous insulin release during L-arginine infusion could be involved in L-arginine-related reduction of plasma total homocysteine. Indeed, in agreement with other data [24, 25] we confirm that L-arginine increases plasma insulin concentrations in both Type II diabetic patients and control subjects. Therefore, since insulin is known to stimulate the endothelial production of both endothelin-1 [36] and nitric oxide [36, 37] , the observed L-arginine-related changes in plasma total homocysteine concentrations could have been due, at least in part, to transient hyperinsulinaemia. In contrast to this hypothesis, simultaneous infusion of octreotide, i.e. a somatostatin analogue which is known to block endogenous insulin secretion without altering haemodynamic and other metabolic variables [38, 39] , did not modify L-arginine effects on plasma total homocysteine, sulphydryl groups, and nitrite+ nitrate concentrations in Type II diabetic patients and control subjects. Thus, the L-arginine-related reduction of plasma total homocysteine concentrations was not insulin-mediated.
In conclusion, our study shows that acute L-arginine infusion in both Type II diabetic patients and healthy subjects increases nitric oxide availability, counteracts oxidative stress and decreases plasma total homocysteine concentrations.
